The current study aims to develop the electrochemical sensor based on the rarely studied metal molybdate. Based on this view, we have developed a novel yttrium molybdate (YMoO4) nanosheets (NSs) using wet-chemical method. Further, the conductivity of YMoO4 NSs was improved by integration with functionalized carbon nanofiber (f-CNF) through a simple ultrasonication method. As-prepared YMoO4 and YMoO4/f-CNF composite was systematically characterized by various spectroscopic techniques including XRD, RAMAN, and HR-TEM analysis. From the analysis, the successful integration of YMoO4 with f-CNF was scrutinized. In addition, the electrocatalytic behavior of YMoO4/f-CNF nanocomposite was investigated by the electrochemical detection of bisphenol-A (BPA) using cyclic voltammetry and differential pulse voltammetry techniques. As we expected, YMoO4/f-CNF modified glassy carbon electrode (GCE) achieved a low detection limit of 0.01 µM and linear response range of 0.1 -1318 µM towards the detection of BPA. From the above results clearly, evidenced that the YMoO4/f-CNF nanocomposite was an efficient electrode material for the determination of BPA in real sample analysis.
The current study aims to develop the electrochemical sensor based on the rarely studied metal molybdate. Based on this view, we have developed a novel yttrium molybdate (YMoO4) nanosheets (NSs) using wet-chemical method. Further, the conductivity of YMoO4 NSs was improved by integration with functionalized carbon nanofiber (f-CNF) through a simple ultrasonication method. As-prepared YMoO4 and YMoO4/f-CNF composite was systematically characterized by various spectroscopic techniques including XRD, RAMAN, and HR-TEM analysis. From the analysis, the successful integration of YMoO4 with f-CNF was scrutinized. In addition, the electrocatalytic behavior of YMoO4/f-CNF nanocomposite was investigated by the electrochemical detection of bisphenol-A (BPA) using cyclic voltammetry and differential pulse voltammetry techniques. As we expected, YMoO4/f-CNF modified glassy carbon electrode (GCE) achieved a low detection limit of 0.01 µM and linear response range of 0.1 -1318 µM towards the detection of BPA. From the above results clearly, evidenced that the YMoO4/f-CNF nanocomposite was an efficient electrode material for the determination of BPA in real sample analysis.
INTRODUCTION
Bisphenol A (2,2-bis (4-hydroxy phenyl) propane, BPA) is one the most important organic monomer mainly used for the synthesis and fabrication of epoxy resin [1] . In addition, this phenolic resin which is commercially used for the production of polycarbonate plastics due to its wide application in manufacturing of products like infant milk bottles [2, 3] , reusable plastic food container [4] , nursing bottle [5] , beverage packaging, medical devices [6] and food cans coating [7] . BPA is one of the major endocrine disrupting compounds and it can able to mimic the natural hormone by occupying the estrogen binding receptor and disturbs the natural metabolic function of hormones [8] . Besides, BPA is a lipophilic compound and used for the packing of food materials which leads to the cause of harmful effect to the human such as less reproductivity of sperms [9] . Further, it may lead to cause of infertility, diabetes, and obesity [10] [11] [12] [13] . Additionally, the higher intake of BPA in human system can induces some risk factors such as cardiovascular disease, breast cancer, prostate cancer, pleiotropic problems in brain [14] , neural changes in children [15] , and liver damage [16] . As an endocrine disrupter in humans, it may cause some adverse effects which includes lowering of immune response even at low level and primarily it affects endogenous hormones of estrogen and androgen [17, 18] . Moreover, BPA stops the metabolic function of thyroid hormone [19] . Furthermore, it is enormously distributed and continuously leached into the aquatic environment by releasing the waste sewage effluent from plastic manufacturing industries directly into the rivers may adversely affect the water resources and wildlife animals [20] [21] [22] . It also stimulates acute toxic effects in marine species like fish, reptiles by causing feminization and seriously produces tremendous problems in affecting their growth and development of living organisms in the ecosystem [23] [24] [25] . Therefore, it is most important concern to detect BPA level to avoid harmful threatening of human system and environmental factors. For that, various techniques have been developed namely Raman scattering (SERS), gas chromatography with mass spectrometry, fluorescence [26] , chemiluminescence [27] , liquid chromatography combined with mass spectrometry solid phase micro extraction, piezoelectric bio-sensing [28] , enzyme-linked immunosorbent assay (ELISA) [29] , and capillary electrophoresis [30] . Although, these techniques are highly expensive, complex to process, more time consuming and exhibits poor selectivity [31] . Therefore, in order to overcome such issues, electrochemical sensor is applied for the detection of BPA due to its low cost, less time to operate, high selectivity and high sensitivity [32] [33] [34] .
Until now, various nanomaterials such as carbon materials, conductive polymers, metal oxides, and metal sulfides has been applied for the detection of BPA. Among them, metal molybdates are consider as a more efficient electrocatalyst due to their unique properties, especially, high electrocatalytic activity [35, 36] . Moreover, the metal molybdate are considered as an important class of inorganic materials and applied for various application such as catalysis, electronics and optoelectronics due to their large surface area, and high reactive sites [37, 38] . Furthermore, metal molybdate is exist in two different forms such as scheelite and wolframite structure which is based on the valency of the binding metal atom [35] . While, mono or bivalent atom is coordinate with molybdenum through either distorted phase of tetrahedral or octahedral coordination sites [39] . Generally, metal molybdate exhibits large surface area, high electrical conductivity, and cyclic stability when compared to other metal oxides [38] . Additionally, molybdate can exist in different oxidation states (Mo 4+ & Mo 6+ ) with a higher storage capacity and energy density [40] . Further, the combination of molybdate with transition or other rareearth metal will be shows enhanced electrocatalytic activity due to the higher basicity, large surface area and chemical stability. Among the metal molybdates, yttrium (Y) based molybdate is considered as most suitable for the electrochemical sensing application because of their larger ionic radius (0.91 Å) and higher surface basicity [41] . More evidently, Chen et al., designed a novel yttrium molybdate based electrocatalyst for effective detection and degradation of acebutolol [42,] . Similarly, C. Li et al., introduced metal organic framework/graphene based electrochemical sensing electrode material for the sensing of BPA [43] . Therefore, it is concluded that the YMoO4 is a more selective electrocatalyst for the electrochemical sensing application. Furthermore, the electrocatalytic activity of YMoO4 was improved by the combination of carbon nanomaterials. Different carbon nanomaterials such as graphene oxide, carbon nanotube, carbon nano horn, and carbon nanofiber are widely used for the electrochemical sensing applications [44] [45] [46] [47] . Among them, carbon nanofiber (CNF) act as a more suitable electrode material for electrochemical application because of their wide potential window, low cost and chemical inertness in various electrolyte solution. [48] . The structure of CNF is composed of different stacking arrangement of graphene sheets such as stacked platelet or herringbone structure. Generally, the pristine CNF exhibits less solubility and electrical conductivity. While, the functionalization of CNF by acid treatment will improve its solubility and electrical conductivity due to the introduction of large number of functional groups on its open-end structure. Further, functionalization of CNF will impart large number of edge plane defective sites for efficient electron transport [49] . Therefore, it is confirmed that the integration of f-CNF with YMoO4 (YMoO4/f-CNF) will effectively enhanced the property of electrochemical sensing behavior of BPA through imparting high ion diffusion pathway.
In this work, we have synthesized YMoO4/f-CNF nanocomposite by a simple sonochemical method. As-prepared YMoO4/f-CNF nanocomposite was characterized by using various spectroscopic techniques such as XRD, RAMAN, and HR-TEM analysis. All the characterization techniques result confirmed that the formation of YMoO4/f-CNF nanocomposite through ultrasonication method and applied for the electrochemical detection of BPA. For that, electrochemical sensing behavior of YMoO4/f-CNF nanocomposite was studied by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques. Remarkably, the proposed YMoO4/f-CNF nanocomposite sensor exhibits excellent electrocatalytic activity towards the detection of BPA.
EXPERIMENT SECTION

Materials and reagents
The yttrium nitrate hexahydrate (Y(NO3)3.6H2O), sodium molybdate dihydrate (Na2MoO4·2H2O), urea (CH4N2O), and bisphenol A (C15H16O2) were purchased from Sigma-Aldrich chemical Company & Co. Ltd. The phosphate buffer (pH 7, 0.05 M) solution used as a supporting electrolyte for the entire electrochemical measurements towards BPA sensing.
Synthesis of rose petal-like YMoO4 and YMoO4/f-CNF nanocomposite
The YMoO4 nanosheets was prepared by following our previous synthesis method [42] . In the typical synthesis, about 0.l M of (Y(NO3)3. 6H2O), and 0.2 M of Na2MoO4·2H2O were mixed together in a 70 mL double distilled water (DD) under constant stirring. Afterward, 1 M of urea (0.6 g in 10 mL DD) was added to the above solution and allowed to constant stirring for 1 hr. Subsequently, the obtained white colored precipitate was filtered off and washed with DD water by several times using ethanol and centrifugation. After drying, the products were annealed under the air atmosphere at 650 °C for 4 hr. Finally, the calcined product was used for the nanocomposite preparation. The functionalization of carbon nanofiber (f-CNF) was prepared by following our previous reported article [47] . For YMoO4/f-CNF nanocomposite preparation, 100 mg of YMoO4 and 40 mg of f-CNF were dispersed in 100 mL DD and ultrasonicated for 60 min. Finally, the prepared product obtained combination of two nanomaterial was dried at ambient temperature and denoted as YMoO4/f-CNFs nanocomposite.
Characterization techniques
The crystalline nature and lattice parameter of as-prepared YMoO4 and YMoO4/f-CNF were investigated using X-ray diffraction technique (XRD, XPERT-3 diffractometer with Cu Kα radiation (K= 1.54 Å)). Additionally, the surface morphology of the YMoO4 and YMoO4/f-CNF nanocomposite was studied using high resolution transmission electron microscopy (HR-TEM: JEOL 2100F) analysis. The structural finger print of the prepared samples were reported using Raman spectroscopy (WITech CRM200 confocal microscopy, Raman system with a 488 nm laser). Consequently, the electrochemical performance of different modified electrodes towards the sensing of BPA were studied by using CV and DPV techniques (CHI 405a and CHI 900 Electrochemical analyzer, made in USA). All followed electrochemical studies were performed at room temperature. The electrochemical properties of the prepared samples were carried out by conventional three electrode systems, whereas, the glassy carbon electrode (GCE, working area = 0.07 cm 2 ) was used as a working electrode, platinum (Pt) wire was used as a counter electrode, and Ag/AgCl (KCl.sat) was used as a reference electrode.
Fabrication of YMoO4/f-CNF/GCE
For the fabrication process, 2 mg of YMoO4/f-CNF nanocomposite was redispersed in 1 mL of DD water and allowed to ultrasonication for 15 min. Then, the dispersed YMoO4/f-CNF (8 µL) was coated on the polished surface of GCE and kept at ambient temperature for 15 min. After drying, the fabricated of YMoO4/f-CNF modified electrode was rinsed with DD water to remove the un-bounded materials on the surface of GCE. Finally, the YMoO4/f-CNF/GCE was used as an operational electrode in all electrochemical experiment. For the comparison process, the other modified electrodes such as YMoO4/GCE and f-CNF/GCE was were fabricated by following the same procedures.
RESULTS AND DISCUSSION
Characterization of YMoO4 and YMoO4/f-CNF nanocomposite
The lattice parameter and crystalline nature of YMoO4 and YMoO4/f-CNF nanocomposite was studied by XRD technique. Figure 1A Additionally, the Raman spectra of YMoO4 and YMoO4/f-CNF composites were shown in Figure 2A ,B, which confirms the presence of defective surface. The Raman spectrum of YMoO4 in Figure 2A , indicates the presence of high intensity peak at 953 cm -1 which is corresponds to the symmetric stretching vibration mode of MoO4. Besides, some peaks are observed at an intensity of 251, 365, and 445 cm -1 were assigned to the ʋ2(Ag), ʋ4 (Bg) and ʋ4 (Eg) bending vibration modes of Mo-O group, respectively. Figure 2B indicates the Raman spectra of YMoO4/f-CNF shows D and G band corresponding to the intensity of 1368 and 1617 cm -1 . In general, D band is corresponding to the disorder nature of sp 2 bonding site of graphitic carbon and G band is C-C stretching in graphitic carbon. The existence of strong peaks of YMoO4 and f-CNF confirmed the successful formation of YMoO4/f-CNF composite. Furthermore, the morphological structure and size of as-prepared YMoO4, and YMoO4/f-CNF composite were clearly observed by HR-TEM analysis. The Figure 3 shows the HR-TEM images of YMoO4, and YMoO4/f-CNF nanocomposite. From the Figure 3A ,B, it can be clearly seen that the YMoO4 are in the form of nanosheets with a thickness of 60-80 nm. Moreover, the lattice fringes with an interplanar distance of 0.303 nm corresponds to a plane of (112) indicates the formation of tetragonal phase of YMoO4 ( Figure 3C ). In addition, the morphology of YMoO4/f-CNF were clearly demonstrated in Figure 3D ,E, which confirms the nanosheets-like YMoO4 decorated on the f-CNF surface. Similarly, the surface distortion of f-CNF due to the integration of YMoO4 was clearly showed in lattice fringes as shown in Figure 3F . Interestingly, all the above studies confirmed the formation of YMoO4 nanosheets and YMoO4/f-CNF nanocomposite. 
Electrochemical determination of BPA at different modified electrodes
The electrochemical behavior of various modified electrode was studied by CV analysis. The experiment was carried out in presence of 300 µM BPA at different modified electrodes such as bare GCE (a), YMoO4/GCE (b), f-CNF/GCE (c) and YMoO4/f-CNF/GCE (d) in N2 saturated 0.05 PBS (pH 7) at a scan rate of 50 mVs -1 . The experiment was performed in the absence (a-d, Figure 4A ) and presence (e-h, Figure 4B ) of 300 µM BPA. In absence of BPA ( Figure 4A ), there is no oxidation peak was observed at all the modified and unmodified electrodes. The resultant CV curve is shown in Figure 4B (e), clearly indicates that the bare GCE exhibits less electrochemical oxidation peak response and longer peak potential when compared to YMoO4/GCE (f), f-CNF/GCE (g) and YMoO4/f-CNF (h) modified electrodes. Whereas, the YMoO4/GCE (f) and f-CNF/GCE (g) shows a lower oxidation peak current response for the addition of 300 µM BPA. While, there is a sharp and well-defined oxidation peak was observed in the presence of 300 µM BPA for the YMoO4/f-CNF/GCE at a low potential of 0.54 V. Moreover, the obtained oxidation peak current of BPA at YMoO4/f-CNF/GCE (103.8 µA) is higher than that of other modified electrodes such as bare GCE (0.47 µA), YMoO4/GCE (5.01 µA) and f-CNF/GCE (57.3 µA). The obtained result clearly suggests that the higher electrocatalytic activity of YMoO4/f-CNF composite is due to the strong interaction of BPA with f-CNF and more active sites of the YMoO4 nanosheets, and it could provide an excellent electrochemical sensing platform for BPA detection.
Figure 3. HR-TEM images of YMoO4 (A-C) and YMoO4/f-CNF (D-F) nanocomposite
Generally, the oxidation of any phenolic compound at any modified electrode which leads to the formation of reduction of oxidation rate which was attributed to the formation of polymeric product. Whereas, the direct oxidation of any phenolic compound leads to the formation of phenoxy free radicals assumed as either in the form of dimeric molecules initiated by the C-O, C-C and/or O-O coupling. By following the reverse scan, there is no appearance of reduction peak was observed due to the irreversible reaction. The absence of reduction peak is due to the relative adsorption of BPA on the electrode surface. Moreover, the possible electro-oxidation mechanism of BPA on the YMoO4/f-CNF composite modified electrode is illustrated in Scheme 1. 
Scheme 1.
Oxidation reaction mechanism of BPA at the YMoO4/f-CNF modified electrode
Effect of concentration on YMoO4/f-CNF modified electrode
The electrocatalytic activity of YMoO4/f-CNF/GCE was investigated by varying the concentration of BPA. Whereas, the CV experiment was performed in the presence of N2 purged 0.05 M PBS (pH 7) at a scan rate of 50 mVs -1 . Additionally, the concentration of BPA is varied from 0 to 300 µM. The resultant CV curves is shown in Figure 5A , which clearly indicates that the oxidation current was gradually increased with increasing the concentration of BPA. The corresponding linear curve for the variation of concentration of BPA vs. oxidation peak current was shown in Figure 5B 
Effect of scan rate on the modified electrode
The electrochemical properties of modified electrode depends on variation with the scan rate. Therefore, the influence of scan rate on YMoO4/f-CNF/GCE was studied by using CV analysis. For CV analysis, the experiment was perfomed in presence of N2 purged 0.05 M PBS (pH 7) by varying scan rate from 10 to 150 mVs -1 and it shown in Figure 6A . It can be clealy seen that the oxidation peak current of BPA was gradually increased with increasing the scan rate from lower to higher (10 -150 mVs -1 ).
The corresponding calibration plot for oxidation peak current vs. scan rate and is shown in Figure 6B 
Effect of pH on modified electrode
The pH of the supporting electrolyte is an another important parameter for the investigation of electrochemical reaction of YMoO4/f-CNF/GCE. Thus, the effect of different pH (3.0 -11.0) at YMoO4/f-CNF/GCE for the detection of BPA was studied by using CV. The CV curve in Figure 7A demonstrated that the oxidation peak current of BPA increases gradually with increase in pH from 3.0 to 7.0. While, the oxidation peak current decreases from varying the pH from 7.0 to 11.0. Furthermore, the peak potential was shifted to more negative side when increasing the pH values from lower to higher. Moreover, there is a sharp oxidation peak current response was observed at pH 7 (0.05 M). The corresponding bar diagram is shown in Figure 7B . It clearly confirms that the proton is a significant participator in the oxidation of BPA at YMoO4/f-CNF/GCE and the maximum oxidation peak current was obtained at pH 7.0. Thserfore, pH 7.0 is considered as a supporting electrolyte throughout electrochemical experiments for the detection of BPA. Differential pulse voltammetry was used to investigate the electrocatalytic activity of YMoO4/f-CNF/GCE towards electrochemical oxidation of BPA. DPV experiment was performed in presence of N2 saturated 0.05 M PBS (pH 7.0) with varying concentration from 0.1 to 1318 µM. From the Figure  8A , it can be clearly seen that the oxidation peak current was linearly increased with increasing the concentration of BPA from lower to higher concentration. Furthermore, the linear relationship (Calibration plot) between resultant of oxidation peak current vs. concentration of BPA is clearly demonstrated in Figure 8B Table 1 . It implies that the proposed YMoO4/f-CNF/GCE which exhibit excellent electrocatalytic activity towards detection of BPA. 
DPV for electrochemical detection of BPA
Selectivity, stability and reproducibility studies
The selectivity, stability and reproducibility of the YMoO4/f-CNF/GCE was considered as important factor for the practical application. In order to study the selectivity of YMoO4/f-CNF/GCE was analyzed. whereas, the experiment was carried out in the presence of various inorganic species and biological substances and those oxidation potentials are similar to that of BPA oxidation. The choice of interfering compounds based on the two categories, which mentioned previously in reported sensor [56] . Moreover, the high current response being observed for the addition of 50 μM BPA. While the addition of 10-fold higher concentration of interfering species such as inorganic common species ( , and Cl -) and biological compounds (ascorbic acid, uric acid, dopamine, glucose, catechol and caffeic acid) shows negligible current response. Eventhough, BPA contains similar molecular structure as that of some interfereing compounds (Dopamine and catechol) which shows little positive current response with a deviation of less than 5%. Finally, we concluded that the proposed sensor exhibits higher selectivity towards the detection of BPA. Additionally, the storage stability of the proposed YMoO4/f-CNF/GCE sensor was analyzed for one week. The obtained results clearly indicates that the YMoO4/f-CNF/GCE shows appreciable storage stability with only 4.2% oxidation peak current decrement was observed after one-week storage. Moreover, the reproducibility of the YMoO4/f-CNF/GCE sensor was performed by preparing four independent modified electrodes and experiment was conducted in the presence of BPA (50 µM) in N2 saturated 0.05 M PBS (pH 7.0) at a scan rate of 50 mVs -1 with a relative standard deviation (RSD) of 3.5 %. All the obtained results evidenced that the proposed YMoO4/f-CNF/GCE sensor exhibits excellent selectivity, stability and reproducibility towards BPA detection.
Real Sample Analysis
The detection of BPA in real samples were studied at YMoO4/f-CNF/GCE by using DPV technique. For further analysis, waste water samples were collected from Taipei river. There is no pretreatment of sample to be required. Initially, 1 mL of sample solution was added into the 0.05 M PBS (pH 7.0) at scan rate of 0.05 mVs -1 . The experiment was repeated for several times. After that, recovery values were estimated by following standard addition method and its corresponding values ranging from 103.3% to 106 % and shown in Table ( 2). The obtained recovery values suggest that the YMoO4/f-CNF/GCE acts as excellent electrocatalyst, which is more suitable material for the detection of BPA.
CONCLUSIONS
In summary, we have prepared YMoO4 nanosheets functionalized integrated carbon nanofiber (f-CNF) by using simple ultrasonication method. Further, YMoO4 NSs and YMoO4/f-CNF nanocomposite was characterized by using various spectroscopic techniques such as XRD, HR-TEM, and RAMAN. From the results of spectroscopic analysis, the successful formation of YMoO4 and YMoO4/f-CNF nanocomposite was confirmed. Further, as-prepared YMoO4/f-CNF composite was applied for the electrochemical detection of BPA. The electrochemical properties of YMoO4/f-CNF composite modified electrode was investigated by using CV and DPV technique. As we expected, YMoO4/f-CNF/GCE exhibits high electrocatalytic activity towards the detection of BPA with good detection limit (0.01 µM) and obtained with a sensitivity of ( 0.9 μA μM −1 cm -2 ). Therefore, we are successfully reported that the feasible selectivity, storage stability and reproducibility of the proposed sensor, which reveals more advantages for the excellent practicability of YMoO4/f-CNF/GCE to determine BPA in real sample analysis.
